Background--Poor adherence to cardioprotective drugs remains a concern among patients for secondary prevention. A better understanding of adherence fluctuations before and after critical health events may inform approaches for addressing or preventing poor adherence. Therefore, we assessed trajectories of adherence to lipid-lowering drugs before and after acute coronary syndrome (ACS) or stroke and identified post-ACS/stroke trajectories' predictors.
A cute coronary syndrome (ACS) and stroke are critical events that can cause death or major functional limitations. 1 The risk of ACS or stroke is particularly high for patients with cardiovascular risk factors such as hypertension, dyslipidemia, and smoking. [2] [3] [4] Therefore, to prevent such events, strategies targeting high-risk group patients include lifestyle modification and the prescription of drugs for life-long use.
Among the strategies, lipid-lowering drug (LLD) therapy reduces the risk of myocardial infarction, stroke, and cardiovascular mortality by about 25% to 30%. [5] [6] [7] However, evidence clearly shows that the long-term use of these drugs is challenging for patients. Indeed, 40% to 75% of patients discontinue their LLD therapy within 1 year after initiation. 8 Moreover, patients who experienced a non-fatal ACS or stroke may increase their adherence to LLD 9,10 because of the severity of the event, their fear of recurrent events, and increased support by healthcare professionals and family members. However, evidence also suggest that some patients may become poor adherers. 9, 10 For example, in a study of 113 296 patients hospitalized for acute myocardial infarction, 19.7% had increased adherence to LLD therapy while 16.3% had decreased adherence in the post-discharge year. 9 One of the difficulties in estimating adherence is how to account for fluctuations in adherence over time. The majority of previous studies evaluating LLD adherence post-ACS summarized adherence as a single estimate for all of the follow-up period (ie, as an average proportion of days covered [PDC] by drugs over the entire follow-up). However, it is more likely that patients may have periods of good or poor adherence over time. For example, some patients may be good adherers in the early periods following the event and then subsequently decrease their adherence over time or vice versa. Others may sustain good or poor adherence throughout the entire time. Previous studies have not accounted for this and have not evaluated the underlying longitudinal patterns (trajectories) of use after an ACS or stroke. Furthermore, how prior adherence trajectories translate into post-ACS or stroke adherence trajectories is also unknown. Such information is important to healthcare professionals to anticipate their patients' behavior to their LLD use after life-threatening events to help them maintain or improve their adherence, thus avoiding or minimizing the risk of recurrent events.
As outlined above, a better understanding of the different longitudinal patterns of LLD use before and after a non-fatal ACS or stroke and their modifying factors is needed to inform approaches for addressing non-adherence and preventing recurrent events. We thus planned the present study to assess longitudinal changes in adherence to LLD following a non-fatal ACS or stroke and to assess some factors that may contribute to explain these changes in Alberta, Canada.
Methods

Data, Research Methods, and Material Sharing
This study used administrative data provided by Alberta Health, the Ministry of Health of the Province of Alberta, Canada. The authors do not have authorization to share the data with others. Requests for data from Alberta Health related to the study can be sent to Health.InfoRequest@gov.ab.ca. The authors did not have any special access privileges to these data that others would not have.
The research methods and all other research materials are included in the present report or referenced.
Study Design
We conducted a retrospective cohort study of patients hospitalized for a non-fatal ACS or stroke between 2009 and 2015. Trajectory patterns of LLD adherence were summarized and assessed in the 1-year periods before admission and following discharge.
Sources of Data
Combined data from the comprehensive provincial healthcare administrative databases and vital statistics file were used in all analyses. These databases maintain current demographic information, and billable medical services claims including inpatient and outpatient visits and medical procedures, for all patients within Alberta universal publicly funded healthcare system. More specifically, we combined databases from Alberta Services (ie, Population and Vital Statistic Data), Alberta Health (Discharge Abstract Database, Ambulatory Care Classification Database, and Alberta Physician Claims database), and Alberta Blue Cross/PIN (Medications database). The population and vital statistic data contain information on patient sex, age, marital status, immigration and emigration data, date of death, and cause of death according to the World Health Organization algorithm using International Classification of Diseases, Ninth and Tenth Revision (ICD-9; ICD-10) codes. The Discharge Abstract Database contains all hospital services, length of stay, diagnosis (with ICD codes), and procedure intervention while in hospital. Data and coding accuracy are routinely validated, both provincially and centrally. The Ambulatory Care Classification Database includes emergency department visits data (start, end date, and procedure interventions). This database allows clear distinction of emergency department visits from other physician visits. The Alberta Physician Claims Database contains the date of service, ICD code associated with the claim, procedure and billing information, and the specialty of the billing physician. The medications database contains information on drug class, ATC codes, name, generic and brand name,
Clinical Perspective
What Is New?
• To our knowledge, this is the first population-based cohort study that assessed trajectories of adherence to lipidlowering drugs before and after hospitalization for acute coronary syndrome or stroke; 5 trajectories were identified in both periods: nearly perfect, gradual increase, gradual decline, rapid decline, and poor adherence throughout. • A significant proportion (ie, 67%) of patients who had poor adherence trajectories before their hospitalization, switched to good adherence trajectories after discharge. • Conversely, of patients who had good adherence trajectories before hospitalization, 27% turned to poor adherence trajectories, immediately or later after the event.
What Are the Clinical Implications?
• Clinicians need to be cognizant of the changes and initiate adherence-enhancing interventions before hospital discharge and during follow-up visits. • Although patients who were poor adherers before the event deserve full consideration to help them improve their adherence and avoid or minimize the risk of recurrent events; attention should be paid to all patients as even those who were good adherers before the event often negatively change their adherence patterns. strength and dosage, date of dispensation, quantities dispensed, and the number of days covered by the dispensed drugs. The prescriber, the dispensed pharmacy and costs were also recorded. This database captures 95% of all dispensed drugs, irrespective of age. Accuracy and validity are routinely checked through computerized processing. All databases were linked at patient level based on personal health number.
Study Population
We selected all patients who were hospitalized for a non-fatal ACS or stroke (ICD-10 codes: I20, I21, I24, I60, I61, I62, I63, I64) between 2009 and 2015 and registered in Alberta's universal health insurance plan.
All patients had to be LLD users (ie, any LLD) in the 2-year before hospitalization (ie, patients who had at least one LLD dispensation between À730 to À366 days as well as À365 to À1 days before hospitalization) ( Figure 1 ). We excluded patients who died in the year following their discharge from hospital and those who lost insurance coverage (eg, moved out of province), as well as those with insufficient follow-up (ie, <365 days before and after hospitalization). These criteria were necessary to ensure sufficient data were available to robustly estimate adherence patterns in the year before to and after the non-fatal ACS/stroke event. Each included patient would have 12 months of LLD dispensation information, irrespective of adherence level, which is required to estimate an adherence trajectory over time. 11 
Outcome
The outcome of this study was change in adherence trajectories to LLD following the hospitalization for non-fatal ACS or stroke. To assess adherence trajectories, we first calculated monthly PDCs by any LLD for each patient in each period (ie, 12 monthly PDCs before and after the event). The PDCs were calculated using prescription fills date and number of days' supply. Practically, the total number of days covered by any LLD in each 30-day period was divided by 30″. Thus, the PDCs could range from 0 (0 days covered/30 days) to 1 (30 covered/30 days). Each monthly PDC was dichotomized as ≥80% to define good adherence in a given month. 11, 12 Next, we used group-based trajectory modeling to group patients in different adherence trajectories (see Analysis section for more details). 11
Predictors of Adherence Trajectories
The following variables were assessed as potential predictors of changes in adherence: sex, age area of residence (urban versus rural), and comorbidities at the time of hospitalization. Comorbidities included hypertension, diabetes mellitus, history of ischemic heart disease, heart failure, chronic kidney disease, mental health issue, asthma, and chronic obstructive pulmonary disease (see Table S1 for codes used for the definitions). We also assessed the total number of days spent in hospital for the index ACS or stroke, critical care medicine during hospitalization for the index event (yes versus no), cardiovascular surgery or neurosurgery during hospitalization, and the 30-day post-discharge follow-up (ie, follow-up with a specialist, a general practitioner, or other health professional). Finally, we assessed the total number of drugs used in the year before hospitalization, and alcohol dependence syndrome (yes versus no).
Statistical Analysis
We used group-based trajectory modeling to assess the adherence trajectories of patients before and after hospitalization. Group-based trajectory modeling is a method used to identify latent groups (clusters) of individuals following a similar progression of an outcome over time. 13, 14 For a given outcome, it assumes that the population is composed of a mixture of finite numbers of underlying trajectories. 13, 14 Specifically, based on individuals' adherence patterns over time, the probability of belonging to each potential adherence group is modeled. Because PDCs were not normally distributed, we dichotomized each monthly PDC as ≥0.8 and we then used a logit function to estimate the models' parameters. In practice, several regression models are estimated simultaneously through maximization of a likelihood that combines the information from all models. Within each group, adherence is modeled as a smooth function of time using up to a fourth order polynomial. 11, 14 As suggested by Nagin, 13 we first considered quadratic polynomial order to describe the shape of the latent trajectories and to retain the number of trajectories. Quadratic form has the capacity to capture alternative trajectories of change. 13 To this end, a one-group model was first assessed as suggested, then we consecutively increase the number of groups (trajectories). At each step, the probability that an individual belongs to a given group is calculated and then each individual is classified in the group where his/her membership probability is the highest. For each step, we used the Bayesian Information Criterion 13 to select the best model (model with lowest Bayesian Information Criterion preferred). However, in the first step of selection of the number of trajectories, the Bayesian Information Criterion continued to increase as the number of groups increases and was not useful in identifying the number of trajectories. Therefore, we used recommendations based on the principle of parsimony, the minimum group size of 5%, and the objective of the research 13 to select clinically meaningful trajectories. After obtaining the number of trajectories, we varied the order of the polynomials describing the shape by considering cubic and quartic orders to further describe the shape of the trajectories.
A multivariable logistic regression analysis was conducted to identify factors predicting each adherence trajectory during the 1-year post-discharge period. To this end, all covariates Journal of the American Heart Association mentioned above and the patient's adherence trajectory in the year before hospitalization were considered in the model. We then used backward selection to retain the predictors (P value for variables to stay in the model was 0.10). The analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Trajectories are modeled using Proc Traj, a SAS procedure for group-based trajectories modeling (https://www.andrew.cmu.edu/user/bjones/download. htm).
This research was approved by the Health Ethics Research Board of the University of Alberta (PRO 00060499). All data provided by Alberta Health were fully anonymized. Patient consent was not required to have access to the data.
Results
In total, 50 453 patients were hospitalized for non-fatal ACS or stroke in the study period and 32 015 met our initial inclusion criteria (survived with pre-hospitalization and postdischarge follow-up ≥365 days). Among the 32 015 patients, 10 623 patients had at least one LLD dispensation between À730 to À366 days as well as À365 to À1 days before hospitalization. The mean age was 69 years and the majority of patients were men. Hypertension, history of ischemic heart disease, diabetes mellitus, and mental health issues were the most frequent health conditions (Table 1) .
We identified 5 adherence trajectories in both periods. Figure 2 illustrates the adherence trajectories in the 1-year period before hospitalization: 10.4% were poor adherent throughout the 1-year period, 6.4% had a rapid decline in adherence, 16.8% had a gradual decline in adherence, 17.0% had a gradual increase to reach good adherence, and 49.5% of patients were nearly perfect adherers. In the post-discharge period, 4.6% were poor adherers throughout the 1-year period, 5.4% rapidly declined, 13.9% gradually declined, 16.2% gradually increased to good adherence, and 59.7% of patients were nearly perfect adherers (Figure 3) .
Interestingly, only 4505 (42.41%) patients had similar adherence trajectory after their ACS or stroke hospitalization ( Table 2 ). In general, most patients maintained good adherence or had improvements in their adherence trajectory after hospitalization. Of the 3588 patients who were poor adherers throughout, rapidly or gradually declining before their hospitalization, 2395 (66.8%) switched to gradually increased or perfect adherence after discharge. Conversely, of patients who were nearly perfect adherers or gradually increased their adherence to reach good adherence before hospitalization, only 4822/7035 (68.5%) were nearly perfect adherers in the year post discharge.
In regression analysis, we identified different factors that were associated with post-discharge adherence trajectories ( Table 3 ). The length of hospital stay during index hospitalization for acute coronary syndrome or stroke. For ease of comparison of trajectories between periods, we considered trajectory 1 as "poor adherence throughout" as, although the shape of this trajectory suggests a slight increase, the patients of this group started the period with poor adherence and did not reach good adherence at the end of the period.
hospitalization, the number of drugs, and adherence trajectory in the year before hospitalization were predictive of all nonperfect adherence trajectories in the year after. The trajectory of "poor adherence throughout" also had unique predictors, including sex, living in a rural area, heart failure, mental health issue, and angina pectoris versus other ACS. Patients in this group were also more likely to be aged >85 years.
Discussion
We identified 5 adherence trajectories in both pre-and post hospitalization for ACS or stroke going from nearly perfect trajectories to poor adherence in all the follow-up. The results suggest that a hospitalization for ACS or stroke has significant positive or negative impact on medication adherence. Indeed, only 42% had similar adherence trajectory after their event.
Some patients who had positive trajectories (nearly perfect or gradually increasing) in the year before the event did not maintain good adherence after. Conversely, other patients who had negative adherence trajectories in the year before the event switched to good adherence trajectories after. The behavior of increasing or decreasing adherence to LLD has been previously observed in patients hospitalized for acute myocardial infarction. 9, 10, 15 Indeed, Kronish et al studied adherence to statin therapy after hospitalization for myocardial infarction and found that 33% of patients with prehospitalization PDC ≥0.80 became non-adherent in the postdischarge year, while 38% of patients with PDC <0.80 became adherent after. 10 Why adherence changes so remarkably is difficult to ascertain. Despite obvious factors that should promote higher adherence (fear of recurrent events, support of healthcare professionals and family members), these results showed that other factors influenced adherence including pill burden post discharge, age, sex, and type of initial event. Experiencing ACS or stroke, despite being a good adherer to LLD, may have affected the trust and perceptions of some patients in these medications and therefore may explain why some turned to poor adherence trajectories in the year following their hospitalization. Indeed, the lack of (immediate) therapeutic benefit is a factor of poor adherence to cardiovascular medications. 16 Clinicians need to be cognizant of these changes as a non-negligible proportion of patients who were good adherers to LLDs and possibly other cardioprotective How to read the results (example of the variables pre-event adherence trajectories and sex): For example, patients whose adherence "rapidly declined" before the hospitalization for ACS or stoke are more likely to be "poor adherer throughout" in the year post-ACS or stroke (OR: 21) rather than being "nearly perfect adherer" when compared with patients who were "nearly perfect adherer" before hospitalization. Women are more likely to be "poor adherer throughout" in the year post-ACS or stroke (OR: 1.53) rather than "nearly perfect adherer" when compared with men. ACS indicates acute coronary syndrome; OR, odds ratio. *Statistical significant association. drugs before an ACS or stroke will become poor adherers, immediately or later after the event. Therefore, considering that poor adherence to LLD is associated with a high risk of cardiovascular disease and mortality, 8, 17 clinicians should initiate adherence enhancing interventions for those patients before hospital discharge and during follow-up visits. Such interventions should address the patients' post-ACS or stroke perceptions on the effectiveness and usefulness of the drugs, preventing them from stopping or decreasing the use of LLDs and other cardiovascular medications.
On the other hand, some patients who had negative adherence trajectories before the hospitalization positively changed their trajectories in the year after the hospitalization. Indeed, 29% of patients who had positive trajectories (gradually increasing or nearly perfect adherence) in the post-discharge year were in negative trajectories groups in the year before hospitalization. For those patients, hospitalization may have acted as a "wake-up call" in regard to their health and the need to use their LLD. A study by Librero et al that assessed trajectories of adherence to statin therapy and other drugs following hospitalization for coronary heart disease identified 3 trajectories for statin use: nearly perfect adherers (74.9%), rapid declining (7.6%) and gradually declining groups (17.5%). 12 However, the study did not account for trajectories before hospitalization. Differences in the characteristics of the study populations, the length of follow-up (9 versus 12 months in our study) and the inclusion of patients who died during the 9-month follow-up may contribute to explain differences in the number of trajectories between the 2 studies.
Our results highlight groups of patients and timelines for possible interventions to improve or maintain adherence after an ACS or stroke. Indeed, interventions before discharge from hospital and during early post-discharge follow-up may help to improve adherence for patients who are "poor adherers in all the follow-up" or "rapidly decreasing". For patients who are "lately decreasing", follow-up and interventions (eg reeducation) 6 months after their discharge from hospital may help reinforce their drug adherence. These interventions should target patients regardless of their pre-hospitalization adherence trajectories as our results showed that even patients with nearly perfect adherence in the year before hospitalization can decline to poor adherence over time.
Strengths of our study include the large sample size, our ability to account for adherence before hospitalization in our analysis and to appreciate the pattern of change, and the use of group-based modeling to better capture the longitudinal patterns of medication adherence. However, our study also has some limitations. The use of drug refills data to assess adherence is among these limitations. Indeed, adherence based on drugs refill data assumes that drugs filled or refilled by patients are properly used. This assumption can lead to overestimating adherence for patients who partially use their refilled drugs. A second limitation is that some factors that may affect medication adherence (eg, fatigue or muscle aches which are common side effects of LLD drugs, patients' education level, perceived effectiveness of drugs, etc) were not possible to take into account in our analysis in determining factors predicting the trajectories. Moreover, given the retrospective observational nature of the data, limitations which are inherent to these study designs may not have been fully addressed with our methods. However, no randomized controlled trials or similar designs can address the research question of interest and thus observational studies, as we have conducted, are required.
Conclusions
This study suggests that adherence following a non-fatal ACS/stroke is highly variable. It is important for clinicians to recognize that adherence before a major event does not translate into similar adherence following the event. Additional follow-up and interventions targeted to improving postdischarge adherence is recommended. Although patients who were poor adherers before the event deserve full consideration to help them improve their adherence and to avoid or minimize the risk of recurrent events, attention should be paid to all patients as even those who were good adherers before the event often negatively change their adherence patterns. These activities should occur both early and later following discharge to maximize adherence and ultimately reduce further downstream sequalae in patients experiencing nonfatal ACS or stroke.
